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Based Free Electron Laser Technology Integration Experiment. A1l three sites
are located completely within the existing boundaries of White Sands Missile
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required for both a low and high power phase of testing and discusses those
impacts associated with the experiment which would occur at each site. The
EIS also identifies impacts to cultural resources, vegetation, wildlife and
groundwater resources associated with the selection of any site. In compar ing
all these differing impacts between sites, it has been determined that
selection of the Orogrande site would have the least environmental impact and
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specific environmental impacts, estimated construction schedules and costs,
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SUMMARY SHEET FOR FINAL ENVIRONMENTAL IMPACT STATEMENT

Ground Based Free Electron Laser Technology Integration Experiment
White Sands Missile Range, New Mexico

( ) Draft ( X ) Final

U.S. Army Corps of Engineers
Fort Worth District

P.0. Box 17300

Fort Worth, Texas 76102-0300
ATTN: SWFPL-R

1. Type of Action: ( X ) Administrative Action
() Legislative Action

2. Project Nescription

This Environmental Impact Statement was prepared by the U.S. Army Corps of
Engineers in response to a request from the proponent, the U.S. Army Strategic
Defense Command under the authority of the Strategic Defense Initiative
Organization. The purpose of the project would be to test and evaluate the
propagation of a ground based free electron laser beam through the atmosphere
to diagnostic targets without significant reductions in the beam's quality and
energy levels.

The proposed project would be located at one of three sites at White Sands
Missile Range, New Mexico. The site west of the Orogrande Range Camp is the
proponent's preferred alternative. The proposed project would be conducted in
two phases, a low power phase and a high power phase. Construction of the low
power laser facility would begin in early 1987 and be completed within two to
three years. Modification of this facility would commence in the early 1990s
depending upon results of the low power tests. Up to 2,000 personnel would be
required during the peak construction activities assuming phase II follows
directly after phase I; 250 to 500 workers would be employed during the
operational phase.

Approximately 280 tests would be expected to be conducted in a typical year;
although more tests may be required, about 840 tests per year would be the
absolute maximum number that could be conducted. These tests would be
conducted at various times during the day and night, and would use various
ground, air and space targets. Duration of each test would be a maximum of 60
seconds. Automatic safety mechanisms would abort test firings of the laser if
any object greater than 1.0 centimeter in diameter is detected near the laser
beam.

Ancillary facilities that may be required to support the test and evaluation
program include industrial and domestic wastewater treatment systems, stand-by
power generation, power and/or water transmission lines, roads, and a possible
railroad scur. Power generation and/or storage devices may be required to
meet the instantaneous power demands during the second phase.




3. Summary of Major Environmental Impacts

Depending upon the site selected, direct adverse environmental impacts would
include fugitive dust and noise during constructipon activities; complete loss
of 2,600-3,000 acres of various habitat types, primarily mesquite-sand dunes,
due to actual facility construction; reduction of available habitats for large
mammals (e.g., pronghorn and gemsbok) of about 15,500 to 17,200 acres; and
potential disturbance of desert bighorn sheep, Baird's sparrow, McCown's
longspur and Swainson's hawk, Significant effects to archeological/cultural
resources could occur; the magnitude of these effects would depend upon the
site selected as well as the effectiveness of the mitigation plan to be
developed. Ambient air quality would return to pre-project conditions shortly
after cessation of construction activities; normal operation of the laser
facility would not significantly affect the region's ambient air quality.

The potential impacts associated with the most cost effective water supply
alternatives at each site has been identified. An aquifer in the Soledad
Canyon area would be developed to provide the water supply for the GBFEL-TIE
at the Orogrande site. This aquifer is expected to be able to satisfy the
project requirements without significant detrimental effects to the aquifer.
Withdrawal from aquifer(s) south of the Jornada Reserve Headquarters for the
North of NASA site may adversely affect ongoing programs at the Jornada
Experimental Range. Withdrawal of water from the Rio Grande alluvium for the
Stallion site would not significantly affect local users or wildlife since the
water would be replaced by water from the San Juan-Chama Project.

Indirect effects are related to accidental fires or spills which could destroy
additional terrestrial habitats, as well as cultural resources. Reductions in
the prey base would also indirectly affect birds of prey, some snakes and
large predators (e.g., coyote, gray fox).

The major beneficial effect would be increases in employment and income in the
region, Implementation of the proposed project may induce economic
development, including higher land values, construction/renovation of schools
and recreational facilities, as well as residential and commercial
development. The magnitude of these effects would depend upon the actual
number of workers required and the duration of the construction activities.

Indirect adverse socioeconomic effects would relate to increased demands on
schools, law enforcement, recreational facilities, and the emigration of
workers from the region after completion of the construction activities.
Gravity and allocation models as well as discussions with officials from
affected communities indicate that the local communities could adequately
accommodate these needs, with the possible exception of a housing deficit in
Socorro.

Mitigation measures which are required by White Sands Missile Range and those
that would be committed to the proposed project are discussed in Section V,
Mitigation Measures.

4, Summary of Alternatives Considered

In consideration of the 1972 Anti-Ballistic Missile Treaty between the United
States and the Soviet Union, the Ground Based Laser project would be located
at White Sands Missile Pange (WSMR), New Mexico.




Although WSMR is a large area (over 10,256 square km), the range is already
extensively used. Over 80 programs of the Department of Defense and other
government agencies presently use WSMR., Existing major activities and
facilities therefore prevent siting of the laser facility in certain areas of
WSMR ,

Moreover, not all of the land area within WSMR boundaries is freely usable for
construction of major new facilities. For example, the White Sands National
Monument is located within WSMR, Therefore, no consideration was given to
siting the laser facility in such areas. Of the remaining portions of WSMR,
many areas are too mountainous for the proposed facility.

A total of 14 sites on WSMR were initially selected as potential locations for
the laser facility and were rated according to numerous criteria. Several of
these sites were eliminated from further consideration due to inadequate land
area with the required terrain features. Several others were eliminated from
further consideration because of their proximity to gypsum deposits which
could severely affect the laser's optics system. Of the remaining sites,
three, representing the reasonable range of alternatives, were carried forward
for detailed evaluation.

The No Action alternative would preclude all adverse and beneficial
environmental and economic impacts.

5. Preferred Alternative

Orogrande has been identified as the environmentally preferred alternative as
well as the USASDC's recommended site. Some habitat disruption at the
Stallion site, and impacts on desert bighorn sheep and archeological resources
at the North of NASA site were the major environmental factors. There appears
to be no essential difference in the estimated construction costs associated
with siting the experiment at any of the three sites. The history of seismic
activity in the Socorro area indicates that siting the experiment at Stallion
could cause a delay in gathering experimental data due to the necessity to
periodically realign and calibrate optical equipment. In the area of program
and schedule conflicts at White Sands, substantially higher impacts would
accrue to existing and future programs at the Stallion site as compared to the
other two sites. At the Stallion site, these program conflicts affect all
three military services and, in the opinion of White Sands personnel, would
severely limit future operational capabilities of the national range thereby
making Stallion significantly inferior to the other two sites.

The final site decision will be made by TG James A. Abrahamson, Director,
SDI0, after consideration of the public comments to the U.S. Army's
recommendation.

6. Permits

This Final EIS was prepared in accordance with and is in compliance with the
Council on Environmental Quality's (CEQ) Regulations for Implementing National
Environmental Policy Act (NEPA), Army Regulations (AR) 200-2 (with Change No.
1), Fish and Wildlife Coordination Act, the National Historic Preservation Act
of 1966, the Endangered Species Act of 1973, the Clean Air Act, the Clean
Water Act, and Executive Orders 11988 and 11990. The permits that may be
required for various project components are provided below; some of these
would not be required during the low power phase but may be required during
the high power phase.
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7. Comments

Copies of the Final EIS have been sent to the following agencies and
organizations as well as interested individuals.

FEDERAL AGENCIES

U.S. Environmental Protection Agency, Region VI
U.S. Department of the Interior
Fish and Wildlife Service, Region II
National Park Service
U.S. Geological Survey
Bureau of Indian Affairs
U.S. Department of Agriculture
U.S. Forest Service
Soil Conservation Service
U.S. Army Corps of Engineers
Fort Worth District
Albuquerque District
Southwestern Division
Huntsville Division
U.S. Department of the Army
U.S. Department of the Air Force
U.S. Department of the Navy
National Aeronautics and Space Administration
U.S. Department of Transportation
Federal Highway Administration
Federal Aviation Administration
U.S. Department of Housing and Urban Development
Advisory Council on Historic Preservation
U.S. Department of Health and Human Services
U.S. Public Health Service
U.S. Department of Energy
Federal Energy Regulatory Commission

NEW MEXICO STATE AGENCIES

Honorable Garrey Carruthers (Governor, New Mexico)
New Mexico State Historic Preservation Office

New Mexico Department of Game and Fish

New Mexico Department of Health and Environment
New Mexico Department of Parks and Recreation

New Mexico Department of Transportation

New Mexico Department of Agriculture

New Mexico Office of the State Engineer

TEXAS STATE AGENCIES

Honorable B8ill Clements (Governor, Texas)




SENATORS AND REPRESENTATIVES

Honorable Jeff Bingaman (U.S. Senator, New Mexico)

Honorable Pete V. Domenici (U.S. Senator, New Mexico)
Honorable '.1oyd M. Bentson, Jr. (U.S. Senator, Texas)
Honorable Phil Gramm (U.S. Senator, Texas)

Honorable Manuel Lujan, Jr. (U.S. Representative, New Mexico)
Honorable Bill Richardson (U.S. Representative, New Mexico)
Honorable Joe Skeen (U.S. Representative, New Mexico)
Honorable Ronald Coleman (U.S. Representative, Texas)
Honorable Harold Foreman (New Mexico State Senator)
Honorable Toots Green (New Mexico State Representative)
Honorable William Vandergriff (New Mexico State Senator)
Honorable lke Smalley (New Mexico State Senator)

Honorable Fernando Macias (New Mexico State Senator)
Honorable James .. Martin (New Mexico State Senator)
Honorable Ellen Lively Steele (New Mexico State Senator)
Honorable Maurice Hobson (New Mexico State Representative)
Honorable Larry Scheffield (New Mexico State Representative)
Honorable Ruben A. Smith (New Mexico State Representative)
Honorable Leonard Scheffield (New Mexico State Representative)
Honorable J. Paul Taylor (New Mexico State Representative)
Honorable Ralph Hartman (New Mexico State Representative)
Honorable Mary Thompson (New Mexico State Representative)
Honorable G.X. McSherry (New Mexico State Representative)
Honorable H. Tati Santiesteban (Texas State Senator)
Honorable Nancy McDonald (Texas State Senator)

Honorable Jack Vowell (Texas State Senator)

Honorable Arves Jones (Texas State Representative)

Honorable Paul Moreno (Texas State Representative)

Honorable Nick Perez (Texas State Representative)

Honorable Bi11 Sims (Texas State Representative)

LOCAL ORGANIZATIONS

Sierra Club

National Wildlife Federation
National Audubon Society
Enviranmental Defense Fund

New Mexico State Heritage Program
E1 Paso Chamber of Commerce

Las Cruces Chamber of Commerce
Alamogordo Chamber of Commerce
Socorro Chamber of Commerce
Albuquerque Chamber of Commerce

8. EIS Milestones

The Draft EIS was filed with the U.S. Environmental Protection Agency (EPA) on
23 September 1986. A Notice of Availability was published in the Federal
Register on 3 October 1986, which began the 45-day public review and comment
period. Comments on the Draft EIS were accepted until 21 November 1986, or
made orally at the public hearings. Responses to these comments are presented
in Section VI, Public Involvement, of the FEIS.
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I. PURPOSE AND NEED
A, Introduction

The U.S. Army Strategic Defense Command (USASDC) is proposing to construct and
operate a Ground Based Free Electron Laser Technology Integration Experiment
(GBFEL-TIE) at White Sands Missile Range, New Mexico. The proposed GBFEL-TIE
would be divided into two stages (i.e., low power and high power phases). The
purpose of this document is to assist in the selection of a site which would
be used for both phases. 'ike many large military projects, the GBFE.-TIE
will require a sequence of decisions, with the results of the early decisions
providing input for the later decisions. In this project, the initial
decision is the selection of the optimum site for the facility; once that
decision is made, then informed site-specific design choices can be made, such
as the optimum choices regarding electrical power and other utilities. After
the results from the initial (low power) experiments are available, informed
choices can be made on the detailed design of the high power experiments.
Therefore, a "tiered" environmental analysis approach has been adopted as
allowed by the Council on Environmental Quality's regulations for situations
such as this (40 CFR 1502.20). The initial tier, represented by this EIS,
provides input to the site selection decision, which will not be finalized
until this EIS is completed. In order to provide for an adequately informed
decision, this EIS compares the potential environmental impacts of both
projert phases at each of three alternative sites. As part of the comparison
of the three sites, the potential impacts of various utility and road access
corridors at the three sites are also compared. Once the site selection has
been made, however, a second "tier" of environmental analysis, along with more
detailed design engineering work, will focus on those project aspects which
are then ripe for decisions, such as identifying the optimum utility and
access alignments at the selected site.

B. Background

White Sands Missile Range (WSMR) is located in south central New Mexico
approximately 45 miles north of El Paso, Texas and 20 miles east of Las
Cruces, New Mexico. WSMR encompasses about 4,000 square miles (i.e., 100
miles long x 40 miles wide) and is oriented in a north-south direction (Figure
I-1). The range was established in 1945 as White Sands Proving Ground, but
was later (1958) renamed White Sands Missile Range(l).

WSMR supports test and development programs for the Army, Navy, Air Force,
nther U.S. Department of Defense (DOD) agencies. NASA and foreign governments.
WSMR presently supports over 80 such programs which include research and
development of defense systems as well as limited field training exercises.
Contained within the WSMR boundary are the White Sands National Monument and
the San Andres National Wildlife Refuge (NWR), both of which are operated by
the U.S. Department of the Interior. A portion of the Jornada Experimental
Range, operated by the U.S. Department of Agriculture, is co-used with WSMR
(Figure I-2).

C. Purpose and Need
1. Need
The President's Strategic Defense Initiative (SDI) is an extensive research

program that investigates potential strategic defense technologies that would
intercept and destroy enemy missiles. The proposed project is one experiment
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contained in the overall SDI program. Successful results from the GBFE'.-TIE
would be used to develop laser technologies for potential use in future
defense systems. These and other similar experiments will provide data to a
future Congress and a future President to assist in a decision as to the
feasibility of a strategic defense.

2. Purpose

The term laser is an acronym for Light Amplification by Stimulated Emission of
Radiation. Because light energies produced by laser devices travel at nearly

uniform frequencies and wavelengths, the beam remains uniform for long -
distances and can be focused onto a specific point with enormous intensity.

Generally, lasers contain a material (e.g., crystal, liquid, or gas) which is
excited to an altered state, causing the material to emit particles of light
(i.e., photuns). However, in order to achieve the high power desired for the
proposed experiments, a free electron laser (FE.) is required, which produces
photons by manipulating electrons rather than exciting a crystal or other
material. FELs work by decelerating pulses of electrons in the presence of an
intense beam of light. As the electrons are decelerated, they lose energy in
the form of photons. These energies are transferred to the existing beam of
light, thereby increasing its intensity.

The GBFELL-TIE would demonstrate the generation and control of the propagation
of a laser beam in the near infrared spectrum with extremely high energies(2).

The ultimate objective of this project is to successfully demonstrate that a
short wavelength, high energy laser beam can be propagated from a ground based
facility and then directed through the atmosphere to diagnostic test targets
without significant reductions in the beam quality and energy levels. Three
interim technical goals would be achieved in order to meet this objective.
These goals are discussed in more detail in the following paragraphs.

a. Goal 1. Develop an Understanding
of Atmospheric and Laser Physics

Three atmospheric conditions which present problems in designing and operating
ground based laser systems are: (1) atmospheric turbulence, (2) thermal
blooming and (3) Stimulated Raman Scattering (SRS). These effects can be
either beneficial or adverse depending upon the laser's energy levels,
wavelength, or pulse length., The combined relationship of these three
phenomena is not well understood and, in some cases, the individual effect is
not completely understood.

Atmospheric turbulence is controlled by wind, temperature, humidity and many

other factors. Turbulence effects on a propagating laser beam are presently

difficult to predict, but they are known for certain to have a strong effect .
on the laser's energy as it passe$ through the atmosphere.

Thermal blooming is the rapid heating of the air due to the deposition of
laser energy during propagation. Thermal blooming could redirect some of the
laser's energy away from the desired path. This effect is also presently
difficult to correct because the corrective measures may cause more heating in
different strata of the air which, in turn, may cause aberrations that would
require further corrections.
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Stimulated Raman Scattering (SRS) is produced when energy from the laser beam

is absorbed by the atoms in the air and re-radiated in several wavelengths and
directions. The amount of scattering is dependent upon the absorbing medium,

as well as the intensity and wavelength of the laser beam.

The first interim goal would be to develop a better understanding of the ways
these phenomena affect propagation of the laser beam.

b. Goal 2. Develop and Refine
Technology for Adaptive Optics

Optics (e.g., mirrors, lens, telescopes, etc.) and sensors would be
incorporated to the GBFEL-TIE to determine the atmospheric degradation effects
on the laser beam prior to directing the beam through the atmosphere and to
compensate or adjust the beam to overcome these effects. The proposed
GBFEL-TIE would develop and refine adaptive optic components and methodologies
required to adequately correct or adjust the beam. Specifically, technologies
would be investigated in the areas of deformable mirrors, wave front sensing,
and control systems that would be able to withstand extreme energies and
rapidly provide the required adjustments,

¢. Goal 3. Develop and Refine Technology
for High Power 'aser Systems

Turbulence, thermal blooming and other associated factors described above
affect only high power lasers; thus, a high power laser is required to
investigate these and other potential effects.

Results from this experiment would provide an indication of the physical,
economic and technical limitations of a ground based laser concept. In
addition, designs and construction techniques could be further refined.

D. Project Description
1. Project “ocation

Three sites were considered as potential locations for the proposed laser
facility: (1) north of the NASA White Sands Test Facility, (2) south of the
Stallion Range Camp and (3) west of the Orogrande Range Camp. These sites are
located within the boundaries of WSMR as depicted in Figure I-3. The sites
were selected from a total of 14 potential sites. The criteria used in this
selection process are discussed in the following section, Comparison of
Alternatives. The proposed laser facility and associated security areas,
ancillary structures, etc. would generally encompass an area approximately 3.2
km wide and 16 km long. A ground targ>t range would require an additional
area of about 8.8 km x 2.0 km. The orientation of the facilities at each
potential site is illustrated in Figures I-4, [-5 and [-6, re;pectively.

2. Project Schedule

The GBFEL-TIE is presently scheduled to commence construction by mid-1987.
Construction is anticipated to require two to three years for Phase I, and
approximately four years for Phase II. The experiments would begin in the
early 1990s. The experiments would be divided into low power and high power
phases, as described below. Figure I-7 illustrates the proposed schedule for
construction and operation of the GBFE.-TIE.

I-5




“ Socorro

[3en Antonie

STALLION

WHITE SANDS MISSILE
RANGE BOUNDARY ~——+f

g

! v
.~

fv

- ama— o -

Q

=--— COUNTY LINES

b ]
-
L]

(]

RANGE CENTERS
CITIES ond TOWNS

MAJOR WEMR ROAOS )
emmmm Y S.ond STATE WIGHWAYS

pnciILOMETERY

[}

Ml!!g

2 0 13 202

1) 0 (1} 20

T,

(]

- Y
\
2\

L
~

N

teCOLN COunTYy
t L‘"W coumTY

\Theoe Rirvers

MO0LS CANYD
RANGE CENT!
wiaresa
- / ‘ L’
.~ | ]
-“NORTH of
ASA SITE ] “ Atomogordo
! ;
. !
i !
. [}
|
!
/
(4
Orogronee

OROGRANDE
SITE

/

Figure I-3.

Location of Alternative Sites for Proposed Laser System.
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a. .ow Power

The goal of the first phase of the proposed program would be to accomplish
initial "uplink" experiments; that is, directing the beam to an atmospheric
test platform to measure and demonstrate the laser's capabilities.
Experiments would be conducted during this phase to investigate solutions to
key atmospheric effects such as turbulence, thermal blooming and SRS. This
phase would also investigate the concerns associated with mirrors and optics
technology, pulse duration, as well as control of the adaptive optics
components. The results of these tests would be used to determine the need
for and potentially guide the development of the second, high power phase of
the experiment,

b. High Power

The second phase in the proposed GBFEL-TIE program would demonstrate high
power atmospnheric propagation of the laser beam, The existing low power laser
facilities would be upgraded to meet the requirements of the high power
experiment, A larger beam director would be developed and incorporated to
provide optics compatible with the higher power laser. The bean control
system would also be scaled and upgraded to accommodate the higher energies
and greater number of control subapertures needed for atmospheric correction
of the new system. A new high power beam control facility would be
constructed to nouse the new beam director and beam train consistent with the
overall GBFEL-TIE facility design. These components of the laser system are
described in detail under ' aser Description.

The principal experiment to be conducted during this testing phase would be
the demonstration of all the functions and equipment required to produce and
successfully propagate a high power laser beam through a turbulent atmosphere
to a specified target. While this EIS identifies and evaluates the impacts of
both phases in as much detail as the present state of project design allows,
environmental analyses will be a continuing effort during the design of the
high power phase. Appropriate additional environmental documentation will be
prepared to assist decision making regarding Phase II.

3. Laser Description

An artist's conception of the layout of the GBFE'.-TIE is presented in Figure
1-8. The facility can be divided into two major components, the laser and the
beam control system. The laser is further divided into five subcomponents:
(1) electron injector, (2) linear accelerator, (3) wiggler, (4) energy
recovery/electron beam dump and (5) resonator/diffraction tunnel. The beam
control system consists of the adaptive optics and beam director. Each of
these subcomponents is described in detail in the following paragraphs.

a. Electron Injector

The electron injector provides free electrons to the laser system by driving
electrons from a hot plate called a cathode. A high voltage pulse heats the
cathode. At the same time the cathode is charged, another plate called the
anode is also pulsed with a high voltage. The anode attracts the electrons
from the cathode, causing the electrons to discharge. This discharge of
electrons is then focused into a beam using magnets. The beam exits the
injector and enters the linear accelerator.

1-11
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b. Linear Accelerator

There are two types of accelerators which are being considered for use in the
GBFEL-TIE -- a radio frequency linear accelerator and an induction linear
accelerator. The two types produce different effects for a few parameters, as
highlighted below under the individual descriptions of the two types of
accelerators.

(1) Radio Frequency Linear Accelerator

In the Radio Frequency linear accelerator (RF linac) radio frequency
electromagnetic fields are applied to a specially designed cavity. These
electromagnetic fields interact with pulsed bunches of electrons from the
injector resulting in acceleration and focusing of the electrons through the
cavity. By putting many of these cavities in line the process can be repeated
and additional velocity added to the electron beanm.

RF linacs provide a small beam current when compared to the Induction Linear
Accelerators, but it is a steady stream (there are many hundreds of millions
of short pulses one billionth of a second long). This produces a low gain
laser and requires the use of an optical resonator (mirrors) to increase the
laser power.

The resonator is a feedback system which increases the intensity of the beam
produced in the RF linac. The beam output of the wiggler (described later) is
directed by parabolic and hyperbolic mirrors back to the input of the wiggler,
at the end of the RF linac. The "feedback" beam reenters the wiggler along
with the next pulse of electrons from the RF linac. At each pass more energy
in the form of photons would be added. The result would be a high intensity
output beam.

(2) Induction Linear Accelerator

The Induction linear accelerator (Induction linac) receives its electrons from
the electron injector and proceeds to increase the electrons' velocity. A
series of electrical magnets which lie in a special cavity (i.e., cell) pull
the electrons through the accelerator tunnel, increasing the electrons'
velocity as they travel down the cell. Prior to the electrons entering the
cell, the magnets are turned on to produce electromagnetic fields. At the
moment the electrons enter the cell, a high voltage generated by specially
designed pulse transformers is applied across the cell, At first, the high
magnetic fields prevent a large electron beam current from flowing. While the
voltage is still impressed across the cell, the magnetic field is reduced,
causing the beam current to increase. When the fields are at a minimum, the
electron beam attains its highest acceleration., By aligning many of these
cells into modules and providing variable voltages at the right time, the beam
of electrons increases its velocity as it travels through the accelerator.

In addition to the magnets whose fields vary with time, static magnets are
located along the accelerator length to guide the beam from one cell to the
next.

A master oscillator/power amplifier (MOPA) is situated at the end of the

Induction linac and is used to increase the intensity of the laser beam. The
MOPA is a relatively small laser whose light is amplified in the wiggler.
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The beam of light from the master oscillator is mixed with the electron beam
from the Induction linac before they enter the wiggler. The photon energy
produced by the electron beam adds to the photon stream as they both travel
through the wiggler. Thus, the net effect is the intense light beam at the
output of the wiggler, discussed below.

c. MWiggler

In order to release radiation (light) from the beam of electrons, it is -
necessary to perturb their motion. The accelerated electrons enter a device
called a wiggler (or undulator) where magnets cause the electrons to move back
and forth (1.e., wiggle). This transverse movement causes the electrons to
lose energy in the form of photons. The wavelength (color) and efficiency of
the electron energy conversion can be controlled by manipulating strength and
spatial period of the magnetic field.

d. The Electron Beam Dump

The output beam exiting the wiggler is a mixture of electrons and photons.

The beam directed through the atmosphere must consist of only photons; thus,
the electrons in the beam must be removed. These electrons are separated out
by bending magnets and routed down a short tunnel under vacuum to the electron
beam dump. The beam dump will be encased in concrete and consist of a heavy
block of material such as graphite or lead which can handle the heat caused by
the bombarding electrons. The designs proposed for electron beam dumps
consist of large cylindrical steel or aluminum tanks. The tank is attached to
the beam transport tube by a vacuum tight flange at one end. It is isolated
from the vacuum in the laser and electron beam tube by a thin sheet of
beryllium. Typical beam dump dimensions depend on the amount of energy which
must be absorbed and can range to 10 or more feet in diameter with lengths of
15 or more feet. Inside the tank, on the other side of the beryllium window
is the electron energy absorption material, typically sheets of graphite
several inches thick and thin sheets of aluminum which separate the graphite
sheet from water which flows around each layer of aluminum clad graphite. The
water cools the graphite blocks.

The beam dump is mounted off to the side of the accelerator. This location
may be a room with added shielding and will contain the beam dump cooling
water circulation system, This cooling system is a closed loop system with
filter and ion exchange resins to remove any material dissolved in the water.
These resins become radioactive after a time because of the radioactive
components produced in the beam dump. The room around the beam dump must be
large enough for maintenance and must have adequate space to remove the beam
dump if this ever becomes necessary. The electron beam energies are absorbed
by the dump. In some applications (i.e., RF linac) the electron beam energy .
is recovered and reused for an increase in laser efficiency. The remaining
photon beam then passes through tq the diffraction tunnel discussed below.

e. Diffraction Tunnel

The beam leaving the wiggler of the induction type laser is no larger than the
diameter of a pencil, In order to produce a safe energy density on the
optics, the beam's diameter would be enlarged by allowing it to naturally
expand through a long shielded diffraction tunnel. The induction linac would
require a diffraction tunnel approximately five km long and approximately two
meters in diameter. The beam tube in the tunnel would be operated in a
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vacuum, Access points for maintenance/repair of the tunnel would also be
constructed at various locations along the diffraction tunnel. The RF linac
would not require a diffraction tunnel since it uses a resonator which
produces a beam with a larger diameter.

f. Adaptive Optics

Adaptive optics are required in order to correct for atmospheric effects
(e.g., turbulence, thermal blooming, etc.). The adaptive optics correct the
beam by changing the laser's light to have properties opposite to the
distortions the air would have on the beam. In optical terms this is called
"phase conjugation”,

To make these corrections, the Adaptive Optics System measures the distortion
in the path between it and the target, such as a rocket, using the light from
a beacon (Figures I-9 and I-10). The beacon light which travels down the beam
path is received at the laser and the distortion caused by its trip is
measured with a wave front sensor. A computer calculates the reverse of these
distortions and gives commands to a mirror which can change its shape (i.e.,
deformable). When the laser light reflects off the deformable mirror it picks
up the reverse distortions it will encounter on its trip through the
atmosphere, As the laser beam goes through the atmospheric distortions, its
reverse distortions are removed and the beam emerges at the top of the
atmosphere with the greatest amount of coherence.

g. Beam Director

The beam director contains the mirrors and lenses which receive the laser beam
from the adaptive optics and transmit the beam to air, ground, or space
diagnostic targets. The beam director for the low power experiment is a few
meters in diameter, but the diameter of the high power beam director may be
several times larger.

4, Test Scheduling

It is anticipated that one to two tests per day would be conducted; however, a
maximum of six per day may be performed with a maximum of about 840 tests per
year. Duration of laser beam generation for each test would be no more than
60 seconds. Each test series may require up to two weeks, followed by an
analysis period during which time the results of each test would be analyzed
and any maintenance and/or adjustments to the system would be performed. This
analysis period would require from one to six weeks. The actual number of
test series conducted each year would depend upon climatic conditions, the
ability of the beam control system mirrors to withstand the intense energies,
and results from previous tests which could indicate that system
adjustments/modifications are required. However, it is presently anticipated
that five to 10 test series would be conducted within a typical year
(approximately 280 tests per year).

5. Diagnostic Targets
The proposed GBFEL-TIE would utilize diagnostic targets at ground level and

subsequently, airborne and space orbiting targets. Each of the target types
is discussed below.
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a. Ground Targets

During tests requiring ground targets, the beam director would aim the laser
beam horizontally. The ground target test range would occupy an area of about
2 x 9 km, which would contain several beam receiver (target) sites located at
various distances from the beam director. Each receiver site would contain a
target board and a backstop to prevent emission of stray light beyond the
receiver site. The target boards would be mounted to a stationary test stand.

The backstop and large sections of the target boards would consist of a
material such as carbon cloth or graphite blocks. These structures would
absorb the beam energy and convert it to heat. A building would be
constructed around each target to contain any energy scattered by the targsts.
An aperture in the face of this building would be large enough to collect 99.9
percent of the beam; the remainder would be absorbed by the face of the
building. The depth of the building would be designed to prevent 99.9 percent
of the scattered light from the target or backstops from exiting the building.
The small amount of scattered energy that escapes the building would be well
below the maximum permissible exposure threshold for eye safety outside the
one km safety zone. The entire test range would be surrounded by a fence.

The GBFEL-TIE laser beam would produce only thermal effects, and no residual
ionizing radiation or ionization to the ground targets, backstops, or
surrounding air would be expected. Disposal of target boards or other
equipment damaged by overheating would be conducted in accordance with the
approved solid waste plan.

b. Airborne Targets

Airborne targets may utilize balloons, drones, or small probe rockets. The
probe rockets would have a beacon pointed toward the GBFEL-TIE site. The
rocket would have a line array of detectors down its side to measure the beam
intensity. The target board would be pointed at the GBFEL-TIE by the inertial
navigation system of the rocket. The target board payload would be recovered
by parachute after the test. The GBFEL-TIE would fire only when the rocket is
above an angle of 45 degrees to the local horizon. Many of these tests would
be conducted with the GBFEL-TIE at less than full power to prevent damage to
the recoverable payload.

Each test would be scheduled through WSMR's National Range (NR) Directorate to
insure that proper airspace restrictions are implemented. In addition, launch
sites and impact areas would be coordinated through and approved by NR, as
well as the systems designed to terminate or recover airborne targets.

c. Space Targets

The space target would consist of a circular target board mounted onto a
satellite or a large flat carbon cloth plate mounted on the end of a boom
projecting from a satellite. The satellite would orbit at an altitude of 300
to 500 km with an orbital inclination of 35 to 40 degrees. As in the case of
the airborne targets, airspace would be restricted and controlled through WSMR
NR. The beam would leave the controlled airspace at a minimum altitude of
60,000 feet above mean sea level (MSL).
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6. Test Sequence

The proposed test sequence would begin with numerous system checks conducted
on various components to assure that all safety, communication, thermal,
mechanical and electrical elements are operating properly. Once the system
checkout is completed, ground target tests would commence at less than full
power and increase in a series of steps during subsequent tests as the ability
of the optics to correct for atmospheric aberrations and control of the beam
energies improves. Ground testing and the necessary refinements of the
adaptive optics and beam director could require six to eight months.

Upon successful completion of the ground target tests, the airborne target
test series would c<tart. These series would initially consist of
demonstrating the beam director's ability to passively track (i.e., no FEL
beam energy) a slow moving, airborne target (e.g., balloon, remote controlled
drone, etc.). Once this ability is successfully demonstrated, the test series
would begin to evaluate the ability to actively track various target types
with a low power level beam and progressively increase the beam energy levels
as well as the target's speeds and distances through sequential successful
tests. Airborne targets are not presently expected to contain live munitions
or explosives.

The final test series would utilize space satellite targets to measure and
evaluate the equipment performance. Ground targets would first be used to
check various components and subsystems immediately prior to satellite
flyover. During the first few passes of the satellite, the beam director
would only passively track the target and then begin to illuminate it with a
Tow energy laser beam, The power of the beam would be increased in a step
series as each sequential test successfully demonstrated the ability to
propagate the beam through the atmosphere.

7. Power Requirements

Power requirements for base facility load and pre-test conditions would be
approximately 60-100 megawatts for both the low and high power phases. This
base load would be provided from the existing commercial transmission power
grid.

Instantaneous peak pulse power requirements for the low and high power phases
of the proposed GBFE\.-TIE are not yet precisely known. Phase I peak pulse
power requirements are expected to be between 300 and 600 megawatts, and
studies conducted to date indicate that this requirement can be handled by the
comnercial power grid. Phase Il peak pulse power requirements are more
difficult to define at present, but could range from 500 to 1,000 megawatts.

Present planning would call for use of grid power in phase I. Phase Il pulse
power requirements would be supplied from the grid, on-site energy storage
systems, on-site power generation systems, or a combination of the three.

A stand-by system for on-site power generation may be necessary to prevent
damage to system components in the event of a power failure during a lasing
experiment. The best current estimate indicates an initial load of 20
megawatts to ensure orderly shutdown of the system. Four 5-megawatt
generators would be operational only during experimental testing runs and/or
diagnostic test of subsystems.
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8. Personnel Requirements

As can be seen from Table I-1, there are two distinct construction peaks
predicted. The larger of the two would occur in 1992, assuming Phase II is
undertaken. The number of laborers, including electricians, masons,
construction equipment operators, carpenters, etc., is predicted to rise, fall
and rise again before completely falling off at the end of the project. The
majority of construction labor personnel are expected to come from local
sources until the fifth year (Phase Il) of the project, after which about half
is predicted to be local and half non-local. The estimated socioeconomic
effects of the influx of these non-local workers are presented in Section IV
of this report.

The number of operations personnel required is predicted to increase steadily
to a plateau of 400-500 workers by 1992. Most of these would be highly
technical persornel with expertise in laser and optics design and operation.

9, Water Requirements

During the operational phase, the total water requirement would be about 1,000
gallons per minute (gpm) of water, not exceeding 700 parts per million (ppm)
total dissolved solids (tds).

This represents a maximum demand of 1,400 acre-feet per year and includes
industrial (cooiing) as well as domestic (drinking/sanitary) needs. Cooling
water requirements could be reduced if an air cooling system is used on those
days/nights when ambient air temperatures drop below 75°F. The total water
demand durin? the high power phase, however, may increase if a power
generation plant is required to meet the peak power demands during this phase.

10. Construction Materials Requirement

The following is a list of construction materials and amount, by type, that